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live up t o  the highest scientific ideab, and if the educa· 
tional results of science do not always compare favor· 
ably with those of the subjects it has displaced, is it 
not largely due to our failure to realize its dignity and 
power? Do not imagine for a moment that I believe 
physical science should not be made attractive, or that 
striking experiments may not be legitimate and useful. 
Is it necessary to surround science with mysticism or 
to teach what the ripest results of experience contra· 
dict, in order to create a transient wonder and to keep 
up interest in our chosen subject? One who in any 
small degree comprehends the real wonder of our en· 
vironment, the subtle beauties of the simplest natural 
process, visible to those who having eyes really see, 
can hardly fail to be an attractive teacher, even though 
building no air castles to obscure the temple of truth. 
To develop sound appreciation of science, to increase 
its usefulness in daily life, to make it satisfy the high· 
est intellectual cravings and, finally, to dispel the idea 
of a vacillating and uncertain mystic ruling power 
whose laws may be circumvented at will, is the high 
calling of each and every real teacher of science. 
COKE OVEN GAS.* 
By C. G. ATWATER. 
THE production of. coke oven gas is the result of 
the destructive distillation of bituminous coal under 
the exclusion of air. The object of such destructive dis· 
tillation is primarily the production of coke, a raw rna· 
terial for both the blast furnace and gas producer. Inci· 
dental to this process is the evolution of the volatile 
portion of the coal in the form of gas; the gas, there· 
fore, is a by· product. The production of gas by this 
method is exactly analogous to the distillation of coal 
in the ordinary gas retort, such as Murdoch used in 
1798, in what we are told was the first method invented 
for the manufacture of illuminating gas, and which in 
modern form is still an integral part of a majority of 
existing illuminating gas works. In the retort, how· 
ever, the gas is the principal product and the coke the 
by·product. Practically all that will be said in this 
paper of coke oven gas, as a so'urce of power, would 
apply equally well to the use of illuminating gas, with 
the difference that the high cost of generating illum· 
inating gas usually prohibits its use for power genera· 
tion except in small units and under special circum· 
stances. A short thermal calculation will show the 
truth of this and indicate approximately the limits 
with which city gas may be economically used for 
power generation. 
Assuming 650 H. T. U. per cubic foot as the average 
value of illuminating gas sold at $1 per 1,000 cubic 
feet, we have 650,000 B. T. U. for $1, or 1,000,000 
B. T. U. cost $1.54. Assuming coal at $3 per ton (of 
2,000 pounds) having 13,000 B. T. U. per pound a mil· 
lion B. T. U. costs but 8.6 cents. This great discrep· 
ancy in cost is reconciled to some extent by the greater 
efficiency of the gas engine, which delivers, roughly, a 
brake horse· power per hour from 20 cubic feet of gas, 
costing 2 cents, whereas the steam boiler and engine 
combination requires about 3 pounds of coal per hour 
per horse-power in moderate sizes, at a cost of 0.45 
cent. This would be increased somewhat by the cost 
of coal handling and labor in the boiler house. It is, 
therefore, clear that illuminating gas at $1 per 1,000 
feet has not a wide field as a source of power, but it 
is also apparent that at a cost of, say, one·fourth or 
one· fifth the value assumed above, it would become a 
prominent factor. 
In order to make clear the analogy between coal gas 
made from the gas retort and from the by· product coke 
oven, the following analyses are submitted as typical: 
I Coke Oven I Retort Coai Gas. Gas. 
Methane ....................... . 
Other hydrocarbons • . . . • . . • • • • ••• 
Hydrogen ....... ; . . . . . . . .. . .. . . .  
Carbon monoxide ............... . 
Carbon dioxide ................. . 
Oxygen . .. . . . . . . . . . . . . .... ...... . 
Nitrogen . . . . . . . . . . . . . . .. . . . .. . . . 
B.T.U . .......... ... .. 1 
Per cent. 
39'6 
5'4 
37·6 
5-8 
3'5 
004 
7·7 
693 
Per cent. 
26·02 
4·76 
47·04 
8·04 
1·60 
0·39 
2-16-
693 
The coke oven gas in this instance is that known as 
the rich portion, and is given off during the first part 
of the coking time, this method of operation being 
known as the division or fractioning of the gases. In 
this way the more valuable portion of the gas is re­
served for illuminating or power purposes, the remain· 
der serving to heat the coking ovens. As coke oven 
gas for illuminating is usually treated in this way, it 
is proper to select a fractioned gas for comparison with 
the illuminating gas from retorts. The principal char· 
acteristic of the fractioned coke oven gas is that the 
methane is approximately the same percentage or a 
little higher than the hydrogen. This is an advantage 
in gas engine work, as it diminishes the chance of pre· 
ignition under compression in the engine cylinder, al· 
though in neither case is this liable to give trouble. 
lf there was no probability that any portion of the 
coke oven gas would be used for illuminating purposes, 
the fractioning process might be eliminated, and a 
single condensation system installed in place of a 
double one. Under these conditions the surplus gas 
available for gas·engine use would be the average of 
the whole product, and might be represented by the 
following average analysis: 
Methane, 33.9 per cent; other hydrocarbons, 3.8; 
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hydrogen, 44.4; carbon monoxide, 6.2; carbon dioxide, 
2.9; oxygen, 0.3; nitrogen, 8.5 per cent. B. T. U.= 620. 
In considering the by-product oven as a source of 
power, the efficiency of the process should be deter· 
mined. This is shown in the following table of the heat 
balance, giving the British thermal units originally 
contained in the coal, and their distribution among the 
various products recovered: 
Disirt'bution of Heat Unit8 in Coal. 
Total Per Cent. 
B.T.U. Calorific of Calorific 
100 lb. of dry Coal Yield. per lb. power JlOwer of 
B.T.U. dry Coal. 
71·13 lb. of coke 12.645 899,456 I 72·3 3·38 lb. of tar ............. 12,210 51,410 4'1 229 cb. ft. of sl1rpl us gas 686 157,504 12·7 234 c b. ft. of hea�ing g as '" 567 132,835 I lU·7 Ammonia liquor, sulphur in 2,496 purifier and los8 • • • • • • . •  - 0·2 
Totah=lOO Ibs. dry coal • • •  1 11,243,700 1 100·0 
These figures are taken from Dr. Schniewind's paper, 
entitled "The Production of Illuminating Gas from 
Coke Ovens." F'rom this table it is evident that the 
percentage of the total heat required for the conver· 
sion is 10.7 + 0.2 = 10.9 per cent of the whole heat 
a vailable. This is an efficiency of practically 11 per 
cent, and compares favorably with that of any existing 
method of conversion, though it should be considered 
that only a portion of the product is in gaseous form. 
It may prove interesting to consider briefly the pres· 
ent condition of the coke making industry relative to 
gas production. The production of coke in the United 
States for the year 1903 was approximately 2514 mil­
lion tons, according to the figures given by the United 
States Geological Survey; of this 7.4 per cent, or a 
little over 1 % million tons was produced in by·product 
ovens, the balance, or 23% million tons, being produced 
in ovens of the beehive type. Assuming the ratio of 
coke yield given in the above authority, which is 64 
per cent, this represents in round numbers, 38.8 million 
tons of coal carbonized without recovery of by·products 
or gas, with the exception of certain plants which ob­
tain a small amount of steam by passing the waste 
heat from the beehive ovens through boilers. The 
carbonization of this coal in by·product ovens would 
have yielded on the average 3,500 cubic feet of surplus 
gas, besides that needed for heating the ovens. At 600 
H. T. U. per cubic foot, and allowing 12,000 B. T. U. 
per horse·power per hour, this would have been equiva­
lent to 175 horse·power hours per ton of coal, or 283 
million horse· power exerted continuously throughout 
the year. 
The operation of the by·product oven, and the method 
of making gas, will be best explained by allusion to a 
block of the United·Otto type of oven with its auxiliary 
apparatus; the oven itself, forming a rectangular reo 
t Ort of fire·brick construction, has a capacity of from 
six to nine tons of coal per charge. 
A number of ovens, usually fifty, are arranged side 
by side to form a battery, the sub·structure consisting 
of a steel and concrete framework which supports 
the masonry independently of the regenerative cham­
bers. The ovens are heated by gas burning in the 
flues, and led in through burners placed in the bottom 
and end of the oven structure. Air for combustion 
rises through the checker work of regenerators on one 
side of the oven, the movements of the air and flame 
being reversed from time to time through the heated 
checker work in the well-known manner of heating 
known as the Siemens regenerative system. 
The coal to supply the ovens is brought in on rail· 
road cars, and is elevated to the bin above the ovens. 
From this bin it is drawn to the coal lorry below, and 
delivered from this through spouts to the oven be­
neath, each spout on the lorry coinciding with an open­
ing in the oven masonry. The coal is leveled in the 
oven by an automatic leveling bar. After the coking 
time, which is usually 24 hours, the coke is pushed out 
of the oven by means of a ram or pusher. It is then 
received in a quencher, having a moving conveyor bot­
tom, from which the coke is discharged after quench­
ing into cars standing beneath it. 
The gas evolved during the time of coking is drawn 
off by collecting mains above the ovens connecting 
with the oven itself by uptakes in which a valve is 
placed. These collecting mains are two in numbp.r; 
one serving for the rich gas, which is the fracUon 
coming off during the first portion of the coking time, 
and the other is for the remainder or fuel gas. Tt(Jse 
mains connect each with an entirely separate sYEtem 
of cooling and condensing apparatus. The rich gas, 
of which there will ordinarily be from 3,000 to 4,000 
cubic feet, will ha ve from 650 to 700 B. T. U. per cubic 
foot, while the poor gas, some 5,000 to 6,000 cubic feet, 
will have from 500 to 600 B. T. U. per cubic foot, the 
quality of the gas varying with the coal used. 
From the collecting mains the gas is led by other 
mains to the condensing house. As has been already 
mentioned, the condensation system comprises two 
separate parts, for the rich and the poor gas respec· 
tively. These are arranged in parallel. The gas .en· 
ters first the air and water coolers, in which it Is 
cooled by the exposure of large surfaces to the air, or 
by cooling water sprayed over the apparatus. It then 
passes to the multitubular coolers, in which it is fur· 
ther cooled, the tubes being so arranged that the gas 
and cooling water pass in parallel, but opposite, direc· 
tions in order to gain the maximum cooling efficiency. 
The gas then passes to exhausters which move it 
through the mains and condensation system. 'rhey 
are so regulated that a slight excess pressure is always 
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maintained on the ovens in order to prevent the in· 
flow of air at any point. The exact pressure on any 
part of the apparatus is indicated by gage boardS 
placed in the exhauster rooms. From the exhausters 
the gas passes to tar scrubbers of the frictional type. 
In these the vapor of tar contained in the gas is cau�ed 
to condense into drops by the friction caused in pass­
ing through baflled apertures, in thin steel plates. 
Haying been freed from its tar, the gas then passes 
to the ammonia scrubbers which are of the tower type. 
These consist of vessels filled with wooden grids, which 
are kept constantly wetted by a spray of water or 
liquor entering the top, the gas entering the bottom 
and passing upward through the interstices. On leav· 
ing the ammonia washers, the gas should have a tern· 
perature of from 60 deg. F. to 75 deg. F. and be free of 
its tar and ammonia. It may now be considered ready 
for use in gas engines. With a coal of good quality the 
sulphur present will not be above the limits that can be 
safely used in the engine cylinders without the need of 
resorting to oxide purification. This was found to be 
the case in a gas engine operated at the Camden plant 
where the gas was taken just as it came from the con· 
densing house and used with excellent results. A num· 
ber of gas engines are in use in German coke oven 
plants without resorting to oxide purification, and in 
several cases where it was at first installed, it has been 
found necessary to continue its use. 
The ammonia liquor resulting from the condensing 
and scrubbing operations is manufactured, by distilla· 
tion and condensation, into strong, crude liquor con· 
taining 14 per cent to 18 per cent of ammonia; or the 
vapors from the ammonia stills are passed through 
sulphuric acid, forming sulphate of ammonia, which 
is dried and marketed. At the Theresian Schacht plant 
at Polnisch Ostrau, Austria, three 300·horse·power gas 
engines operate on coke·oven gas. These engines are 
of the four·cycle type, and the gas for their use is 
passed through an auxiliary scrubbing by water and 
sawdust, but without means for removing the sulphur. 
Oxide purifiers were first provided for this purpose, 
but were not used, the slight corrosion of the valve 
surfaces which occurs after months of use not being 
sufficient to justify the cost of purification. These 
engines were guaranteed to deliver 1 horse· power per 
hour, from 27 cubic feet of gas of a minimum value of 
329 B. T. U. per horse· power hour, which guarantee 
they successfully fulfilled. They were directly con· 
nected to generators delivering current at 575 volts 
and 6,000 alternations, operating in parallel. 
MAGNETIC DETECToRs.-James Russell has measured 
the effects of parallel and transverse oscillations upon 
the magnetic properties of iron, with a view to explain 
the action of the various patterns of magnetic detec­
tors of electric waves. He finds that Marconi's second 
instrument detects the increase of induction which 
occurs when electric space waves are superposed upon 
fields at or near a cyclic extreme, in precisely the 
same way as Rutherford's original apparatus detected, 
or rather measured, a decrease at another point of the 
cyclic process. The function of the moving band ap· 
pears to be twofold: First, it supplies the hard iron 
or steel in a condition of lower permeability, in order 
that it may be raised to a condition of higher permea­
bility when the signals are received from a distant 
station; and, second, it distorts the field in the direc­
tion of motion, the telephone thus tending to respond 
in a greater degree to signals received when the field 
is increasing near, but not at the cyclic extreme. For 
low field this is the most sensitive part of the cycle. 
The Ewing·Walter form of detector is essentially dif­
ferent. It is based upon Ewing's hysteresis tester, 
which measures the drag between field and iron when 
one of these is revolving. The best speed is stated to 
be from five to eight revolutions per second, while 
Marconi obtained good results at a speed of only half 
a revolution per second. The reason for this great dif­
ference is obvious. The Marconi instruments detect 
instantaneous induction change, while the Ewing·Walter 
form integrates.----;J. Russell, Proceedings, Royal So­
ciety of Edinburgh. 
John Smeaton, the father of civil engineering, was 
born in 1724, at Austhorpe Lodge, near Leeds, the son 
of a respectable attorney practicing in that town. He 
was educated at the grammar school at Leeds, and he 
early evinced a great predilection for mechanical pur­
suits. It is interesting to notice that both Smeaton 
and James Watt were trained as mathematical instru· 
ment makers, and both received their training in Lon· 
don. Smeaton was a man of very high intellect. lf 
anyone wishes to admire his scientific reasoning, they 
can do no better than refer to the papers which he 
presented to the Royal Society. Take, for instance, 
the paper on the "Power of Wind and Water to Drive 
Mills." It is, and always must remain, a classic among 
engineeers of how to combine the mechanical art with 
reasoning faculty of the simplest and clearest nature. 
Smeaton's reports, when carefully read, are the epi­
tome of the knowledge of the time. He, of course, is 
well known as the constructor of the Eddystone light­
house' but in almost every walk of life connected with 
his p;ofession he was engaged by those who knew him 
well and he was revered by all his contemporaries as 
one 'Of the finest characters and one of the most stead­
fast workers of his time. It is interesting to notice 
who were the associates of this man. He was brought 
into connection with Wedgwood, who was then estab­
lishing the potteries which bear his name, with Ark· 
wright, with Hargreaves, with Priestley; and that so­
ciety, which he must have enjoyed, must have been 
one of the most delightful that we can contemplate. 
